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1. 

METHOD FOR PREPARING AN OUTER 
SURFACE OF A PLANARWAVEGUIDE TO BE 
CAPABLE OF BINDING TARGET SAMPLES 

ALONG A PLURALITY OF 
PREDETERMINDED LINES AND A PLANAR 5 

WAVEGUIDE 

RELATED APPLICATION 

This application is a national stage application, filed under 10 
35 U.S.C. S371, of International Application No. PCT/ 
EP2014/050902 filed on Jan. 17, 2014, which claims priority 
to European Patent Application No. 13151646.0 filed on Jan. 
17, 2013, the contents of which are hereby fully incorporated 
by reference. 15 

The present invention relates to a method for preparing an 
outer Surface of a planar waveguide to be capable of binding 
target samples along a plurality of predetermined lines as well 
as to a planar waveguide in accordance with the respective 
independent claim. 2O 

In remote technical fields which are not related to 
waveguides, the patterning of nanostructures on metal Sur 
faces, like native titanium, is known (e.g., “Getachew TizaZu 
et al., Large area nanopatterning of alkylphosphonate self 
assembled monolayers on titanium oxide Surfaces by inter- 25 
ferometric photo-lithography', Nanoscale, 2011, 3, 251 1, 
Published on Mar. 23, 2011 on http://pubs.rsc.org, doi: 
10.1039/CONR00994F). Metals are generally not suitable to 
form a planar waveguide. The preparation of metal Surfaces 
provides no hint for the preparation of an outer surface of a 30 
planar waveguide. In particular, native titanium is no material 
suitable for being used in a planar waveguide. 
The field of application of the present invention is the 

detection of binding events. Well known devices detect bind 
ing events of a target sample with a capture molecule by use 35 
of labels which are capable of emitting fluorescent light upon 
excitation. For example, fluorescent tags can be used as labels 
for labelling the target samples. Upon excitation, the fluores 
cent tags are caused to emit fluorescent light having a char 
acteristic emission spectrum. The detection of this character- 40 
istic emission spectrum at a particular spot indicates that the 
labelled target molecule has bound to the particular type of 
capture molecule present at the respective particular spot on 
the outer Surface of the planar waveguide. A sensor for detect 
ing labelled target samples is described in the article “Zep- 45 
tosens’ protein microarrays: A novel high performance 
microarray platform for low abundance protein analysis'. 
Proteomics 2002, 2, S. 383-393, Wiley-VCH Verlag GmbH, 
69451 Weinheim, Germany. 
A novel device for the optical detection of binding events 50 

provides an advantageous way to overcome the need of labels 
by directly detecting the presence of target samples at capture 
molecules. The device comprises a planar waveguide into 
which light is coupled by an optical coupler Such that coher 
ent light propagates through the planar waveguide with an 55 
evanescent field of the coherent light propagating along an 
outer surface of the planar waveguide. The outer surface of 
the planar waveguide is prepared so as to be capable of bind 
ing target samples along a plurality of predetermined lines 
such that light of the evanescent field is scattered by target 60 
samples arranged along the plurality of predetermined lines. 
The scattered light constructively interferes in a predeter 
mined detection location so as to contribute to a detectable 
signal from the Superimposed scattered light from the target 
samples. 65 

This novel device achieves an high detection sensitivity by 
Superposition of coherent light scattered at target samples 

2 
arranged along the plurality of predetermined lines, this 
physical phenomenon is referred to as “diffraction'. The scat 
tered light interferes constructively, for example, in a prede 
termined detection location to a maximum in intensity since 
the lines of the plurality of predetermined lines are arranged 
so that light scattered at target samples on different lines has 
in the predetermined detection location a difference in optical 
path length of a multiple integer of the wavelength of light 
propagating through the planar waveguide. The predeter 
mined detection location is to be arranged with respect to the 
plurality of predetermined lines to meet the requirements of 
constructive interference. In further examples the light dif 
fracts at the plurality of predetermined lines so as to interfere 
in predetermined directions in the planar waveguide. 

Therefore, it is an object of the invention to provide a 
method for preparing an outer Surface of a planar waveguide 
to be capable of binding target samples along a plurality of 
predetermined lines. A still further object of the invention is to 
provide a planar waveguide with a prepared outer Surface of 
the planar waveguide to be capable of binding target samples 
along the plurality of predetermined lines. 

Advantageous embodiments of the method according to 
the invention are the subject of the respective dependent 
claims. 

According to the invention there is provided a method for 
preparing an outer Surface of a planar waveguide to be 
capable of binding target samples along a plurality of prede 
termined lines. The method comprises the following steps. 

Provide a planar waveguide which has an outer Surface 
adapted for attachment of a head group of a linker molecule to 
the outer surface. 

Thereafter, sequentially apply at least one plurality of 
linker molecules to the outer surface. Each plurality of the at 
least one plurality of linker molecules assembles to form an 
individual layer of linker molecules with individual layers 
being formed one above the other starting from the outer 
Surface of the planar waveguide. Each linker molecule com 
prises at least one functional group and a head group which is 
capable of attaching to the outer Surface of the planar 
waveguide or to the functional groups of the preceding layer 
of linker molecules through formation of a covalent bond or 
absorbed via electrostatic interaction. The functional groups 
of the plurality of linker molecules of the uppermost layer are 
attached to photo-labile protecting groups so that each func 
tional group protected by a said photo-labile protecting group 
is incapable of attaching a complementary functional group 
of a further molecule. 

Then, expose those photo-labile protecting groups of the 
uppermost layer arranged along a plurality of predetermined 
lines to light of a predetermined wavelength to remove the 
exposed photo-labile protecting groups from the functional 
groups to make these functional groups capable of attaching 
a complementary functional group of a further molecule. 
As a result, the removal of the exposed photo-labile pro 

tecting groups from the functional groups defines the geo 
metrical locations of these functional groups which are 
capable of attaching a complementary functional group of a 
further molecule. The locations of the functional groups is 
chosen to be the plurality of predetermined lines. As 
described in the introductory part, coherent light scattered at 
target samples on those lines constructively interferes in a 
predetermined detection location. Technically preferred is the 
arrangement on a plurality of predetermined curved lines 
having a decreasing distance between adjacent lines. The 
arrangement of curved lines with a decreasing distance 
between adjacent lines allows to focus the diffracted light into 
a predetermined detection location. The arrangement of the 
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plurality of predetermined curved lines includes the repeated 
arrangement of a series pluralities of predetermined lines one 
above each other so as to provide further separate foci (e.g. by 
slightly rotating each Subsequent plurality of predetermined 
lines with respect to the preceding plurality of predetermined 
lines). Each of the series of pluralities of predetermined lines 
can be of a different chemical, biological or pharmaceutical 
characteristic. Alternatively preferred is the arrangement on 
straight lines so as to diffract the light within the plane of the 
planar waveguide in which diffracted light interferes in pre 
determined directions within the planar waveguide. The 
exposure of those photo-labile protecting groups arranged 
along a plurality of predetermined lines can be carried out 
entirely (ideally all photolabile protecting groups are 
removed) or partially (a predetermined portion of the photo 
labile protecting groups are removed, e.g. 10%. 20%) with 
various photo-lithographic methods (e.g. contact mode or 
far-field photo-lithography), but is preferably carried out by 
near-field photo-lithography in which the photo-lithographic 
mask has no contact to the waveguide but forms a small gap 
between the mask and the outer surface of the waveguide 
(respectively the exposed photo-labile protecting groups of 
the linker molecules which can be filled with a liquid during 
exposure of the photo-labile protecting groups on the linker 
molecules attached to the outer surface of the waveguide). 
The exposure in photo-lithographic methods includes the use 
of photo-lithographically produced tools, like an elastomeric 
phase mask for near-field contact mode photophoto-lithogra 
phy, as described in detail in John A. Rogers et al., Generating 
~90 nanometer features using near-field contact-mode pho 
tophoto-lithography with an elastomeric phase mask, J. Vac. 
Sci. Technol. B 16(1), January/February 1998, page 59 et seq. 
The sequential application of the at least one plurality of 

linker molecules includes two preferred examples which are 
described further below. In one variant, one plurality of linker 
molecules is applied directly to the outer surface of the planar 
waveguide which assemble in a single individual layer. In 
another variant, a first plurality of linker molecules is applied 
to the outer Surface and Subsequently a second plurality of 
linker molecules is applied thereto so that they assemble in 
just two individual layers one above the other. In each 
example, the functional groups of the linker molecules 
assembled in the uppermost layer of linker molecules is 
bound to photo-labile protecting groups. This can be achieved 
before or after application of the uppermost plurality of linker 
molecules. The uppermost layer, or in other words the outer 
most layer, allows the arrangement of a photo-lithographic 
mask so that the uppermost layer can be photo-lithographi 
cally illuminated directly therethrough. 

“Molecules' within the meaning of the present application 
includes a wide range of meanings, but is in principle the 
affiliation of two or more atoms which are bound together by 
chemical bonds. The type and number of atoms is not limited, 
wherein the term molecules explicitly includes the composi 
tion of two and more molecules. The term molecule is not 
limited to specific types of inter and intra molecular bindings 
as well as to specific chemical, pharmaceutical or physical 
characteristics. In particular, macromolecules and molecular 
assemblies are explicitly included in the term (e.g. polymers, 
oligonucleotides, nucleic acids, proteins, liposomes and pep 
tides). Principally, the term molecule stands for any synthetic 
or natural stable polyatomic affiliation. 

It is to be understood, that within the scope of the invention, 
chemical bonds may be replaced by any other stable specific 
assembly of molecular interactions like ionic interaction, 
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4 
hydrophobic interaction, complex formation, hydrogen 
bonding, fluorous phase formation and the like, as known to 
an expert in the field. 

"Functional groups' within the meaning of the present 
application are moieties (sections of molecules) and mol 
ecules (including biomolecules) to which a specific moiety or 
molecule, in particular a complementary functional group of 
a further molecule, can bind. For example a linker molecule 
comprises at least one functional group. Examples of func 
tional groups are ordinary functional group Such as amino-, 
carboxylic acid-, carboxylic acid ester, thioester, hydroxyl-, 
mercapto-, boronic acid-, alkyne-, azido-, cyclooctyne-, 
maleinimido-, iodacetyl-, aldehyde-, keto-, hydroxylamino-, 
cyano-, epoxy-, Sulfonic acid groups. Other examples are 
bisfunctional groups like a vicinal diol, an aromatic ortho 
dialdehyde ora alpha mercapto amino alkane (eg an N termi 
nal Cystein) and an organic or peptidic metal chelate adsor 
bent such as nitrilotriacetic acid (NTA) or poly-histidine 
forming stable complexes with Ni", a single stranded DNA, 
streptavidin, biotin, a receptor or its ligand. Further examples 
of functional groups are “tags' which are recognized by 
enzymes to form a covalent bond, between a tag and a 
complementary “tag”. Examples are Snap tag, Clip tag, and 
the Sortase tag. 

Multiple interactions of many functional groups of the 
plurality of the linker molecules and complementary func 
tional groups of a further molecule are also included. Multiple 
interactions could be covalently and non covalently and does 
also include hydrophobic interaction, which means that the 
term functional group does also include hydrophobic moi 
eties capable of interacting with hydrophobic entities of the 
further molecule. 

Therefore all kinds of interactions of functional groups and 
complementary functional groups which result in immobili 
zation of a further molecule are included. 
A “further molecule having a complementary functional 

group' is within the meaning of the present application the 
capture molecule, the modified capture molecule or a linker 
molecule comprising a head group of the applied further 
plurality of linker molecules. A complementary functional 
group is capable of reacting or interacting with a functional 
group of linker molecules. 
A “complementary functional group within the meaning 

of the present application is a moiety (a section of a mol 
ecule), a molecule or a biomolecule to which a specific moi 
ety or molecule can bind. For example, the complementary 
functional group of a further molecule is a head group of a 
linker molecule as well as a section of a capture molecule 
capable of binding to the functional group of a linker mol 
ecule of the preceding layer. For example, complementary 
single stranded DNA can form a double helix by hydrogen 
bonding to carry out orthogonal coupling chemistry. Another 
option is to form a stable non covalent bond by the use of 
protein ligand interactions. Examples of complementary 
functional groups are ordinary functional group such as 
NH COOH , OH SH , sulfonic acid, an organic or 
peptidic metal chelate adsorbent Such as nitrilotriacetic acid 
(NTA) or poly-histidine forming stable complexes with Ni", 
a single stranded DNA, streptavidin, biotin, a receptor or its 
ligand. In general, the complementary functional groups may 
be of the same type as the functional group so that the men 
tioned examples of functional groups apply to complemen 
tary functional groups. 

"Capture molecules are any type of pharmaceutical, bio 
logical or chemical molecular target to which a target sample 
may bind for the detection of binding events. For example 
biological receptors, proteins, liposomes, nanoreactors, etc. 
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In general, a “target sample' is a target molecule in a sample 
which may bind to the capture molecule for the detection of 
binding events. 

“Bind' and “binding event within the meaning of the 
present application includes any kind of molecular recogni 
tion, and any kind of molecular interaction between any kind 
of a capture molecule or a binding site thereof and any kind of 
target sample. This includes actual binding of two or more 
binding partners as well as the accumulation of bio molecular 
interaction partners (tar lipo having a channel protein). 
The term “attach’ is used similar to coupling and relates in 

general to each type of chemical or physical attachment (or 
coupling) so that one molecule (e.g. the head group of the 
linker molecule or the capture molecule) is attached to the 
outer Surface of the planar waveguide or to the functional 
group of a linker molecule through formation of a covalent 
bond, or through chemisorption or physisorption via Vander 
Waals or electrostatic or inonic interactions or hydrogen 
bondings or fluorous phase formation. In general each type of 
chemical attachment so that one binding partner binds to a 
further binding partner is included. This is to be understood 
that both chemical partners are attached to each other without 
any precondition to the respective binding capabilities of each 
respectively attached molecule. For instance, the functional 
group is attached to the capture molecule is equal to the 
capture molecule is attached to the functional group, or to 
both being attached to each other. 

The provided planar waveguide is of a material, to which 
the head group of the linker molecules can be attached. Suit 
able waveguide materials for the present invention are mate 
rials of high refractive index such as Ta-Os, TiO, NbOs or 
SiNa for which thin film deposition technologies are avail 
able for preparation of smooth optical films with waveguiding 
properties. An efficient production process for high refractive 
index waveguides on glass and polymer Substrates in which 
an optical grating coupler is formed, is explained in detail in 
“Fattinger et al., Bidiffractive grating coupler: Universal 
transducer for optical interface analytics”, OPTICAL ENGI 
NEERING, Vol. 34 No. 9, page 2744-2753, September 1995. 
The planar waveguide may comprise multiple layers in which 
at least one is of a high refractive index. The provided planar 
waveguide has a high refractive index relative to the medium 
on the outer Surface forming the upper side of the planar 
waveguide. For example, the refractive index of the planar 
waveguide may be in the range of 1.7 to 2.8, whereas the 
refractive index of the medium at the surface of the planar 
waveguide is typically in the range of 1 to 1.5, in particular 
1.33-1.4 for water or aqueous assay buffer and 1 for air. 
Coherent light is coupled through an optical coupler into the 
planar waveguide so as to propagate with an evanescent field 
at the outer surface of the waveguide. The evanescent field 
penetrating out of the outer Surface is diffracted at target 
samples bound along a plurality of predetermined lines at the 
outer surface of the waveguide. The thickness of the 
waveguiding film is preferentially in the range from 60 to 200 
nm. The penetration depth of the evanescent field into the 
medium at the outer surface of the waveguide is preferentially 
smaller than 150 nm. 

In a first variant of the method, the above-described step of 
sequentially applying the at least one plurality of linker mol 
ecules consists of applying only two pluralities of linker 
molecules. The two pluralities of linker molecules assemble 
to form two individual layers of linker molecules one above 
the other starting from the outer surface of the planar 
waveguide. 

According to an aspect of the first variant, the method 
further comprises the following steps. Attach complementary 
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6 
functional groups of capture molecules to the functional 
groups arranged along the plurality of predetermined lines. 
Each capture molecule is capable of binding a target sample. 
Then expose the photo-labile protecting groups arranged 
between the plurality of predetermined lines to light of the 
predetermined wavelength to remove the exposed photo-la 
bile protecting groups from the functional groups to make 
these functional groups capable of attaching a complemen 
tary functional group of a said further molecule. Thereafter 
attach complementary functional groups of modified capture 
molecules to the functional groups arranged between the 
plurality of predetermined lines. Each modified capture mol 
ecule is chosen to be incapable of binding to the target sample 
to which the first capture molecules are capable of binding. 
The exposure of the photo-labile protecting groups 

arranged between the plurality of predetermined lines (sec 
ond exposure) is carried out for the entire layer at which the 
remaining photo-labile protecting groups are arranged, with 
out shadow regions. In fact, photo-labile protecting groups 
arranged between the plurality of predetermined lines are the 
only remaining photo-labile protecting groups after the first 
photo-lithographic exposure of the photo-labile protecting 
groups arranged along the plurality of predetermined lines. 
The modified capture molecules are molecules at which the 
coherent light scatters similarly compared to the capture mol 
ecules. Advantageously, light scattered from capture mol 
ecules and modified capture molecules has matched ampli 
tudes and a difference in optical path length so as to 
destructively interfere in a predetermined detection location. 
Thus, the minimum signal in the predetermined detection 
location can be adjusted by varying the respective exposure 
time which relates to the amount of functional groups from 
which the photo-labile protecting groups are removed. The 
minimum signal is of advantage insofar as after the applica 
tion of the target samples, the change of the signal in the 
detection location is mainly due to the target sample bound to 
the capture molecules. Thereby the contribution of the target 
sample to the signal in the detection location is increased 
compared to the signal from capture molecules without target 
samples, i.e. compared to the light scattered at the capture 
molecules alone. The capture molecules or the modified cap 
ture molecules are applied to the outer surface of the 
waveguide by immersion, dipping, spotting, printing or the 
use of a fluidic apparatus, etc. 

In a second variant of the method, in the above described 
step of sequentially applying the at least one plurality of 
linker molecules consists of applying only one plurality of 
linker molecules. 

According to an aspect of the second variant, the method 
further comprises the step of attaching head groups of a 
further plurality of linker molecules (which are preferably 
already bound to capture molecules via functional groups, 
partially or fully) as a said further molecule having a comple 
mentary functional group to the functional groups of the 
preceding layer of linker molecules (with deprotected func 
tional groups) arranged along the plurality of predetermined 
lines. The functional groups of linker molecules of the further 
plurality of linker molecules are unbound (in the present 
variant, the linker molecules of the further plurality of linker 
molecules actually never have bound to photolabile protect 
ing groups) to photo-labile protecting groups and are capable 
of attaching a complementary functional group of a further 
molecule. The linker molecules of the further plurality of 
linker molecules are different from the linker molecule of the 
preceding layer so as to provide different characteristics, like 
flexibility, hydrophilicity, minimum non-specific binding and 
optimal length for immobilization of the capture molecules 
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on the outer Surface of the planar waveguide. After this step, 
the linker molecules of the further plurality of linker mol 
ecules and the capture molecules bound to the further plural 
ity of linker molecules are arranged along the plurality of 
predetermined lines only. 

According to another aspect of the second variant, the 
method further comprises the following steps. Attach 
complementary functional groups of capture molecules to the 
functional groups of linker molecules of the further plurality 
of linker molecules arranged along the plurality of predeter 
mined lines. (This can be achieved via applying the linker 
molecules together with the capture molecules.) Then expos 
ing those photo-labile protecting groups arranged between 
the plurality of predetermined lines to light of the predeter 
mined wavelength to remove the exposed photo-labile pro 
tecting groups from the functional groups to make these func 
tional groups capable of attaching a complementary 
functional group of a further molecule. Thereafter attaching 
complementary functional groups (head groups) of another 
further plurality of linker molecules to the functional groups 
of the preceding layer of linker molecules which are arranged 
between the plurality of predetermined lines. The functional 
groups of linker molecules of the further plurality of linker 
molecules are unbound—actually never have bound—to 
photo-labile protecting groups and are capable of attaching a 
complementary functional group of a further molecule. 
Thereafter, attach complementary functional groups of 
another further plurality of modified capture molecules as a 
further molecule having a complementary functional group to 
the functional groups of linker molecules of the further plu 
rality of linker molecules arranged between the plurality of 
predetermined lines. 

In this second variant, the same advantages are achieved as 
in the first variant, in particular with respect to the destructive 
interference of light scattered from capture molecules and 
modified capture molecules in a predetermined detection 
location. It is of advantage if the application of the further 
plurality of linker molecules is carried out together with the 
application of capture molecules or the modified capture mol 
ecules. This provides the advantage that the capture mol 
ecules and the modified capture molecules can be applied 
partially enclosed by the further linker molecules. In this way 
linker molecules can provide a loosly packed matrix (e.g. a 
polymer such as DEXTRAN or poly(ethylene glycol) (PEG)) 
in which the capture molecules are embedded. The advan 
tages thereof are discussed in detail below. 

According to one aspect of the invention, the step of expos 
ing those photo-labile protecting groups arranged along a 
plurality of predetermined lines is carried out for a first expo 
Sure time, and then the step of exposing those photo-labile 
protecting groups arranged between the plurality of predeter 
mined lines is carried out for a second exposure time. The first 
exposure time is different compared to the second exposure 
time. In general, the exposure time is related to the amount of 
photo-labile protecting groups removed from the functional 
groups of the plurality of linker molecules. This determines 
the total number of functional groups capable of attaching a 
complementary functional group of a further molecule, like 
capture molecules. The number of capture molecules bound 
to the functional groups determines the signal of the light 
scattered into the detection location. Thus, the first and sec 
ond exposure time determines the relative contribution of the 
light scattered at capture molecules arranged along the plu 
rality of predetermined lines compared to those arranged 
between the plurality of predetermined lines. Since the con 
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8 
tribution of both interferes destructively, the detected signal 
can be adjusted to a minimum by varying the two exposure 
times independently. 
The maximum exposure time corresponds to a maximum 

exposure energy dose which is chosen to be between 1 and 10 
Joules/cm, so as to separate photo-labile protecting groups 
along lines having a width less than half of the distance of the 
predetermined lines. Preferably, the first exposure dose and 
the second exposure dose are less than 2 Joules/cm, resulting 
in an exposure time when using a standard LED light source 
of around 390 nm wavelength of less than 60 seconds or more 
preferred between 1 and 10 seconds. This exposure dose has 
shown to be suitable for removing photo-labile protecting 
groups from functional groups as photocleavable linker mol 
ecules with diarylsulphid - NPPOC backbone for transient 
bioconjugate synthesis in high yield and with minimum side 
reactions. 

In yet another example, sensitization of the photodeprotec 
tion as in D. Wöll, S. Walbert, K.-P. Stengele, T. Albert, T. 
Richmond, J. Norton, M. Singer, R. Green, W. Pfleiderer, U. 
E. Steiner, Triplet-sensitized photodeprotection of oligo 
nucleotides in solution and on microarray chips, Helv. Chim. 
Acta 2004, 87(1), 28–45 may be useful to accomplish the 
photodeprotection step at the desired wavelength by means of 
triplett-triplett FRET energy transfer upon irradiation. 

In an advantageous aspect, the step of exposing those 
photo-labile protecting groups arranged along the plurality of 
predetermined lines comprises the following steps. Dispose a 
phase mask in the proximity of the outer Surface of the planar 
waveguide carrying the photo-labile protecting groups. The 
phase mask has a plurality of protrusions which are of a 
material of a first refractive index n, the first refractive index 
n being different compared to a second refractive index n of 
a medium present between the phase mask and the outer 
Surface of the planar waveguide (respectively the outermost 
layer of linker molecules). Transmit light of the predeter 
mined wavelength through the phase mask for exposing those 
photo-labile protecting groups arranged along the plurality of 
predetermined lines. 

Such a phase mask comprises a glass Substrate and a plu 
rality of protrusions which are preferably made of a suitable 
material of high refractive index such as TaOs, TiO, NbOs 
or SiN. The phase mask is for example a binary diffractive 
phase mask. Each of Such protrusion has a predetermined 
depth and a predetermined distance to the adjacent protru 
sions so as to provide a phase shift of t (i.e. half the wave 
length) for light propagating through the protrusions of the 
phase mask compared to the light propagating through the 
liquid medium between the protrusions of the phase mask. 
The interface of light propagating through the phase mask 
creates an interference pattern with minimum light intensity 
along the edges of the protrusions. Thus, the interference 
pattern behind the phase mask is a periodicity doubled dark 
bright pattern compared to the local periodicity of the protru 
sions in the phase mask. The width and the form of the 
protrusions can vary along the phase mask. The photo-litho 
graphic illumination includes holographic methods as 
described in detail in Suleski, et al., “Fabrication of high 
spatial-frequency gratings through computer-generated near 
field holography. Optics Letters, Vol. 24, No. 9, pp. 602-604, 
May 1, 1999. Because of holographic methods, like near-field 
holography, can be used to generate (or to arrange) the plu 
rality of predetermined lines, the term “mologramm” has 
been coined which refers to binding sites to which a target 
sample may bind, which are arranged along a plurality of 
predetermined lines. As an example, the plurality of prede 
termined lines can be referred to as Mologram A and the lines 
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located in-between the lines of the plurality of predetermined 
lines can be referred to as Mologram B. In useful applications, 
light impinging onto a detector diffracted at Mologram A is 
phase shifted by it (i.e. half the wavelength) compared to light 
diffracted at Mologramm B. Additionally, the phase mask can 
be coated to improve the quality of the interference pattern, as 
described in detail in Pasi Laakkonen et al., Coated phase 
mask for proximity printing of Bragg gratings, Optics Com 
munications 192 (2001) 153-159, ELSEVIER. The light used 
for transmitting exposure of the photo-labile protecting 
groups through the phase mask is for example of 390 nm 
wavelength. The use of other wavelength may be required, 
depending on the photo-labile protecting groups to be 
removed from the functional groups. It is to be understood, 
that the exposure may either be suitable for direct photo 
chemical attachment (e.g. using BenZophenone- or Ary 
lazide- or Diazirin-mediated photo-radical insertion reac 
tions or sensitization by radical initiators like 
Thioxanthones). In principle, the dimensions of the protru 
sions have to be chosen according to those wavelengths. 

It is preferred, that the plurality of linker molecules of 
which the head groups attach to the outer surface of the 
waveguide assemble to form an individual layer having a 
thickness of 0.5 nm to 10 nm outgoing from the outer surface. 
The average density of the linker molecules in the first layer is 
chosen so as to prevent contact of the further applied mol 
ecules to the outer surface of the waveguide. This is important 
to prevent, for example, non-specific binding of the capture 
molecules and further molecules in the applied samples to the 
outer Surface of the waveguide. 
The first layer of linker molecules attach directly onto the 

outer surface of the planar waveguide. Advantageously, the 
first layer is of a high density and of a low height. Ideally, the 
first layer covers the outer Surface Such that a contact by any 
further molecules to the outer surface is impossible. 

In an advantageous aspect, the plurality of linker molecules 
of which the head groups attach to the outer surface of the 
waveguide assemble to form a monolayer of linker mol 
ecules. The quality of the signal of diffracted light in the 
detection location is increased when the first layer is orderly 
arranged on the outer Surface which provides a very small and 
even background of light scattered at the linker molecules at 
the outer surface of the waveguide. The plurality of linker 
molecules which form the first layer is preferentially a self 
assembled monolayer (SAM). A SAM may carry the photo 
labile protecting groups so as to be capable of photo-litho 
graphical processing. 

In one embodiment, the SAM may consist of a mixture of 
Alkanes, carrying between 10 and 100% amino groups as 
functional groups, which in turn may be modified by a pho 
toprotective group either before formation of the SAM or 
after formation of the SAM, to generate the desired SAM 
ready for photo modulation according to the invention. 

In another embodiment, the SAM may consist of a mixture 
of Alkanes, carrying between 10 and 100% carboxy groups as 
functional groups, which in turn may be modified by a pho 
toprotective group either before formation of the SAM or 
after formation of the SAM, to generate the desired SAM 
ready for photo modulation according to the invention. 

In another aspect of the invention, the plurality of linker 
molecules of which the head groups attach to the functional 
groups of the preceding layer of linker molecules assemble to 
form the uppermost individual layer having a thickness of 10 
nm to 200 nm. The local average density of linker molecules 
per area is chosen to be low so as to allow capture molecules 
to diffuse therethrough or that the capture molecules are 
partially enclosed therein. It is preferred that the uppermost 
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10 
layer comprises linker molecules which are long compared to 
the molecules of the first layer. The uppermost layer should be 
of a low spatial density to allow the molecules in the target 
sample to laterally diffuse therethrough. These linker mol 
ecules can be flexible so as to be capable of adapting the 
shape. These linker molecules consist in an advantageous 
example a loosly packed matrix (a polymer Such as a poly 
saccharide like dextrane, carboxymethylated dextrane, car 
boxymethylated hyaluronic acid, hyaluronic acid, and alginic 
acid, or polylactic acid, polyacrylic acid or a hydrophilic 
3D-acrylate polymer for example described by D. Kyprianu 
et al. Talanta 103.2013, 260-266 or a poly(ethylene glycol) 
(PEG) or a single stranded DNA oligonucleotide. 
The polymers may further be modified to generate back 

bone modified polymer networks, in which the backbone 
modifications may consist of ionic groups, lipids, peptides 
oligonucleotides and the like. 

In another aspect of the method, the plurality of predeter 
mined lines are arranged in at least two separate diffraction 
spots at the outer Surface of the planar waveguide. Each 
diffraction spot has an area larger than 25 (um) ((Lm)um). 
The plurality of predetermined lines has a distance between 
adjacent lines less than 1.5um, in particular less than 1 Jum. 
This provides diffraction spots for the detection of light scat 
tered thereon which have a minimum size for providing a 
signal of adequate intensity to be detected. The plurality of 
predetermined lines has a maximum distance between adja 
cent lines which is determined by the light which is diffracted 
at the diffraction spots. Preferred is the use of visible light. 
This distance includes harmonics of the predetermined wave 
length for which the distance between adjacent lines is a 
multiple of the wavelength of the light propagating through 
the planar waveguide. 
The invention provides furthermore a planar waveguide 

having an outer Surface prepared according to a method 
described herebefore. A plurality of predetermined lines are 
arranged in at least two separate diffraction spots at the outer 
surface. Each diffraction spot has an area larger than 25um. 
The plurality of predetermined lines has a distance between 
adjacent lines less than 1.5um, in particular less than 1 Jum. 
Preferably, a planar waveguide is provided with a plurality of 
diffraction spots, i.e. 100, 10000, 100000, ..., up to 4x10 
diffraction spots per square centimeter. The advantages 
described for the method are similarly provided with the 
planar waveguide. 

According to an aspect, each plurality of predetermined 
lines are curved and arranged with a decreasing distance 
between adjacent lines in the direction of propagation of the 
light coupled to the planar waveguide through an optical 
coupler. The arrangement of curved lines with a decreasing 
distance between adjacent lines focuses (and interferes) the 
light scattered at target samples into a predetermined detec 
tion location (comparable to a phase grating lens). According 
to an alternative arrangement, the plurality of predetermined 
lines are straight and arranged under an angle relative to the 
direction of propagation of the light coupled into the 
waveguide. The alternative arrangement of the plurality of 
predetermined lines under an angle relative to the direction of 
propagation of the light fulfils the requirements for construc 
tive interference in predetermined directions (comparable to 
Bragg diffraction). The plurality of predetermined straight 
lines causes the light to diffract in the plane of the planar 
waveguide. The light diffracted within the planar waveguide 
is coupled out of the planar waveguide via a further optical 
coupler (phase grating lens) into a detection location. 

According to a further aspect of the invention, a kit pro 
vides a planar waveguide as described herebefore and a phase 
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mask for preparing an outer Surface of the planar waveguide. 
The phase mask allows to carry out a lithographic method as 
described herein. Such a kit may further comprise chemical, 
pharmaceutical and/or biological reagents suitable for the 
preparation of the outer Surface of the planar waveguide 
according to a method as described herebefore. This reagents 
may vary in different kits. 

Further advantageous aspects of the invention become 
apparent from the following description of embodiments of 
the invention with reference to the accompanying drawings in 
which: 

FIG. 1 shows an embodiment for a planar waveguide with 
an enlarged detail of a plurality of predetermined lines and a 
portion of a photo-lithographic mask: 

FIG.2 shows a side view of a section of a planar waveguide 
such as exemplified in FIG. 1 with two pluralities of linker 
molecules applied thereto; 

FIG.3 shows the planar waveguide of FIG. 2 illustrating a 
step of deactivating the functional groups to which no linker 
molecule of the further plurality of linker molecules has 
bound; 

FIG. 4 shows the planar waveguide of FIG.3 illustrating a 
step of exposing those photo-labile protecting groups 
arranged along a plurality of predetermined lines to light; 

FIG. 5 shows the planar waveguide of FIG. 4 illustrating a 
step of applying a plurality of capture molecules; 

FIG. 6 shows the planar waveguide of FIG. 5 illustrating a 
step of deactivating the functional groups to which no capture 
molecule have bound; 

FIG. 7 shows the planar waveguide of FIG. 6 illustrating a 
step of exposing those photo-labile protecting groups 
arranged between the plurality of predetermined lines to 
light; 

FIG. 8 shows the planar waveguide of FIG. 7 illustrating a 
step of applying a plurality of modified capture molecules; 

FIG.9 shows the planar waveguide of FIG. 8 illustrating a 
step of deactivating the functional groups to which no modi 
fied capture molecules are bound; 

FIG. 10 shows the planar waveguide of FIG. 9 illustrating 
a step of applying a plurality of target samples; 

FIG. 11 shows a side view of a planar waveguide as exem 
plified in FIG. 1 on which the linker molecules are arranged 
according to a further embodiment illustrating a step applying 
one layer of linker molecules with photo-labile protecting 
groups: 

FIG. 12 shows the planar waveguide of FIG. 11 illustrating 
a step of exposing those photo-labile protecting groups 
arranged along the plurality of predetermined lines to light; 

FIG. 13 shows the planar waveguide of FIG. 12 illustrating 
a step of applying a further plurality of linker molecules 
which are partially bound to capture molecules via functional 
groups, the further plurality of linker molecules being 
arranged along the plurality of predetermined lines; 

FIG. 14 shows the planar waveguide of FIG. 13 illustrating 
a step of exposing those photo-labile protecting groups 
arranged between the plurality of predetermined lines to 
light; 

FIG. 15 shows the planar waveguide of FIG. 14 illustrating 
a step of applying a further plurality of linker molecules 
which are partially bound to modified capture molecules via 
functional groups, the further plurality of linker molecules 
being arranged between the plurality of predetermined lines; 

FIG.16 shows the planar waveguide of FIG. 15 illustrating 
a step of deactivating the remaining functional groups of the 
first layer of linker molecules to which no further linker 
molecules are bound, the remaining functional groups of the 
second layer of linker molecules to which no capture mol 
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ecules are bound and deactivating the remaining functional 
groups of the second layer of linker molecules to which no 
modified capture molecules are bound; 

FIG. 17 shows a side view of a planar waveguide on which 
the molecular linkers are arranged according to another vari 
ant of the invention illustrating alternative molecular linkers 
and alternative capture molecules; 

FIG. 18 shows a further aspect of the invention with three 
pluralities of predetermined lines arranged in a single diffrac 
tion spot, each plurality focusing the diffracted light in a 
different detection location; 

FIG. 19 shows the planar waveguide of FIG. 18 with two 
pluralities of linker molecules applied over a entire diffrac 
tion spot on the outer Surface of the planar waveguide, the 
uppermost plurality carrying photolabile protecting groups; 

FIG. 20 shows the planar waveguide of FIG. 19 illustrating 
a step of partially exposing photolabile protecting groups 
arranged along a first plurality of predetermined lines to light; 

FIG. 21 shows the planar waveguide of FIG. 20 with three 
types of single stranded DNA subsequently applied to be 
arranged at three partially exposed pluralities of predeter 
mined lines; 
FIG.22 shows the planar waveguide of FIG. 21 with three 

different types of capture molecules arranged at three differ 
ent pluralities of predetermined lines: 

FIG. 23 shows a further aspect of the invention with two 
pluralities of predetermined lines arranged in a single diffrac 
tion spot, each plurality focusing the diffracted light in a 
individual detection location; and 

FIG. 24 shows the planar waveguide with two different 
types of capture molecules of a different kind compared to the 
foregoing examples arranged at the two different pluralities 
of predetermined lines of FIG. 23. 

FIG. 1 shows a perspective view of an example for a planar 
waveguide 1 having an outer Surface 11 at which linker mol 
ecules can be arranged according to the invention. Structur 
ally, the planar waveguide 1 is arranged on top of a substrate 
(not shown) and comprises a number of 25 separate diffrac 
tion spots 41 arranged on outer Surface 11. A plurality of 
predetermined lines 4 (each of the shown lines represents a 
multiplicity of lines) is arranged in each of this diffraction 
spots 41. Lines 4 in the shown example are curved, but can be 
straight in another variant. Lines 4 in the present example 
have a distance between adjacent lines 4 which decreases 
from left to right (direction of the light propagating through 
the planar waveguide) to improve the detected signal. Alter 
natively, lines 4 can be equidistantly arranged or different 
pluralities of predetermined lines 4 can be arranged in said 
diffraction spot 41. Moreover, an optical coupler 12 and a 
further optical coupler 13 are arranged at planar waveguide 1 
for coupling coherent light into, respectively out of the planar 
waveguide 1. Both can beformed at the surface of a substrate 
made of glass or a polymer material. Further optical coupler 
13 can alternatively or additionally be a light absorbing 
means. According to the working principle of a device for 
detecting binding events which comprises the shown planar 
waveguide 1, coherent light is coupled through optical cou 
pler 12 into planar waveguide 1 so as to propagate with an 
evanescent field at outer surface 11. The evanescent field of 
the coherent light is scattered at molecules (linker molecules, 
capture molecules, target samples, etc.) arranged on outer 
surface 11 along the plurality of predetermined lines 4 such 
that the scattered coherent light constructively interferes in a 
predetermined detection location (not shown). 
The shown circle provides an exaggerated view of a few of 

the plurality of predetermined lines 4 arranged in Such a spot 
41 with black lines 42 and with white lines 43 in between. 
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Along black lines 42, capture molecules are arranged at func 
tional groups of the linker molecules. Capture molecules are 
capable of binding a target sample (the molecules are not 
shown in the present illustration because of the small size 
compared to the size of the device). White lines 43 comprise 
the modified capture molecules which are incapable of bind 
ing the target sample which the capture molecules are capable 
of binding. An evanescent field of a coherent light coupled 
into the planar waveguide 1 scatters at the molecules arranged 
at the shown black lines 42 as well as at the white lines 43. The 
light scattered by molecules arranged at the black lines has a 
first optical path length with respect to a detection location 
(not shown) so as to interfere to a maximum in intensity 
therein. Coherent light scattered at molecules arranged at the 
plurality of white lines 43 in between the black lines 42 has a 
second optical path length with respect to the detection loca 
tion so as to interfere to a maximum in intensity therein. Both 
maxima have a phase shift of It relative to each other so as to 
destructively interfere to a minimum in overall intensity. This 
allows to minimize background signal from the light scattered 
other than the target samples bound to the capture molecules. 
The minimum signal can be adjusted by varying the exposure 
time for deprotecting the respective functional groups, to 
which the capture molecules and modified capture molecules 
can bind. Theoretically, capture molecules arranged to the 
black lines 42 and the modified capture molecules arranged to 
the white lines 43 provide no overall background signal of the 
light scattered thereon in the single detection location, before 
a target sample is applied. 
Above the circle providing the exaggerated view, a portion 

of a phase mask 9 is shown to explain the photo-lithographic 
illumination of those photo-labile protecting groups arranged 
along the plurality of predetermined lines 4. Phase mask 9 
comprises a glass Substrate 92 and a plurality of protrusions 
91 made of a material of high refractive index such as TaCs, 
TiO, NbOs or SiN. The thickness (or depth) of the pro 
trusions 91 is chosen corresponding to a first refractive index 
n of the material of the protrusions 91 (e.g. Ta-Os) and to a 
second refractive index n of the medium present between the 
phase mask 9 and the outer surface 11 of the planar waveguide 
1 so as to provide a predetermined phase shift. The first 
refractive index n of TaOs is at a wavelength of 390 nm. 
n=2.246. In use, phase mask 9 is arranged with the protru 
sions 91 in the proximity of the outer surface 11 so as to 
expose those photo-labile protecting groups arranged along 
the plurality of predetermined lines 4 via near-field illumina 
tion. The linker molecules with those photo-labile protecting 
groups (not shown because of comparably small size) are 
applied to outer surface 11 in a solution of e.g. DMSO with 
5% water so as to fill the space between the outer surface 11 
and the phase mask 9. The second refractive index n of the 
DMSO solution can be estimated as follows. DMSO has a 
refractive index at a wavelength of 590 nm of n=1.477. The 
calculated refractive index for a wavelength of 390 nm is 
n=1.50, as explained in detail in Kozma, J. Opt. Soc. Am. B. 
22(7), p 1479 (2005). The approximated refractive index for 
DMSO with 5% waterfor 390 nm is n=1.494, as explained in 
detail in Le Bel and Goring, J. Chem. Eng. DATA 7(1), p 100 
(1962). According to a variant N-Methyl-2-pyrrolidone 
(NMP) can be used as a solution for applying the molecular 
linkers and those photo-labile protecting groups. The phase 
mask 9 causes a phase shift for the light propagating through 
the protrusions 91 compared to the light propagating through 
the medium between phase mask 9 and outer surface 11. 
Interference causes a frequency doubled dark bright pattern 
compared to the pattern of the phase mask 9. The height of the 
protrusions 91 is chosen for Ta-Os to be d=259 nm (d=W2 
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(nos-noso)). The width of the protrusions 91 can vary in 
the spot 41 for example along the direction of propagation of 
the light through the planar waveguide 1. The width of the 
protrusions 91 is preferably chosen equal or proximate to the 
distance of the predetermined lines 4; 42, 43 at the outer 
surface 11 of the planar waveguide 1. The photo-lithographic 
illumination of those photo-labile protecting groups is carried 
out by disposing phase mask 9 in the proximity thereto and 
illuminating these photo-labile protecting groups arranged 
along black lines 42 with light transmitted through phase 
mask 9. The exposure through phase mask 9 is carried out for 
a first exposure time. The second exposure of those photo 
labile protecting groups arranged along the white lines 42 in 
between the plurality of black lines 42 is carried out without 
phase mask 9. 
The shown solid profile 61 above the black lines 42 and 

dotted profile 62 below the white lines 43 represent the light 
intensity profile (or the interference pattern) in the near field 
of the light transmitted through the phase mask 9. Both pro 
files can moreover be interpreted to represent the local aver 
age density of capture molecules or deprotected functional 
groups (black lines 42) and modified capture molecules 
(white lines 43) bound to the respectively exposed functional 
groups of linker molecules. In the ideal case mentioned fur 
ther above, the light scattered at capture molecules arranged 
on black lines 42 as well as at modified capture molecules 
arranged in between the black lines 42 along the white lines 
43 contributes in the detection location to a minimum (ideally 
Zero) background signal. This is theoretically achieved by 
identical local average densities of capture molecules and 
modified capture molecules. The sharp edges between black 
lines 42 and white lines 43 approximate the sinusoidal tran 
sition between the black and white lines (because of formal 
requirements such shaded illustration is not shown, but would 
be more realistically). In principle, the local density of cap 
ture molecules is caused by a sinusoidal intensity profile of 
the near field illumination through phase mask 9. 
A first embodiment and a second embodiment of the 

method are shown hereafter, both enabling to carry out the 
invention. Both embodiments employ a planar waveguide as 
exemplified in FIG. 1. In these embodiments, the photo 
lithographic step is carried out in the same manner, but in 
different steps. In practice, the exposure of those photo-labile 
protecting groups is carried out only one time by using the 
photo-lithographic mask. The re-alignment of the photo 
lithographic mask is difficult and impractical So that the sec 
ond exposure is an exposure of the remaining photo-labile 
protecting groups which is carried out without using a mask. 

In the following FIG.2 to FIG. 10, the first embodiment of 
the method according to the invention is explained. 

FIG. 2 shows the application of a plurality of linker mol 
ecules 2 and of a further plurality of linker molecules 5 which 
are Subsequently applied starting from an outer Surface 11 of 
a planar waveguide 1 so as to assemble in two separate indi 
vidual layers. Linker molecules 2 of the plurality of linker 
molecules 2 being directly assembled on outer surface 11 to 
form a self-assembled monolayer (SAM). These linker mol 
ecules 2 comprise a head group 21 (e.g. —(POs), —(O— 
PO), trialkoxysilane or poly(L-lysine) for attaching to 
outer Surface 11 and a functional group 22 capable of attach 
ing a complementary functional group of a further molecule. 
Suitable linker molecules 2 for formation of a self-assembled 
monolayer (SAM) on transition metal oxides e.g. TaOs, 
TiO, NbOs are e.g. the NH2-terminated self-assembling 
molecule amino-dodecyl-phosphonate (NH-(CH2)2 - 
(PO)H), the COOH-terminated self-assembling monol 
ecule carboxy-pentadecyl-phosphate (COOH-(CH2)5– 
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(PO)H) or the OH-terminated self-assembling monolecule 
hydroxy-dodecyl-phosphate ammonium salt (OH 
(CH)—(PO) (NH)). (cf. Samuele Guido Pio Tosatti: 
FUNCTIONALIZED TITANIUM SURFACES FOR BIO 
MEDICAL APPLICATIONS: PHYSICO-CHEMICA 
CHARACTERIZATION AND BIOLOGICAL IN VITRO 
EVALUATION, DISS. ETH NO. 15095). The functional 
group 22 can be an ordinary functional group, an organic or 
peptidic metal chelate adsorbent, a single Stranded DNA, a 
protein receptor or its ligand. The further molecule is not 
limited to specific types of molecules but is in the shown case, 
a loosly packed matrix (e.g. polymer Such as dextrane or 
poly(ethylene glycol) (PEG)) functionalized with a compli 
mentary functional group (head group) 51 (e.g. an ordinary 
functional group like a carboxy of the linker molecules 5 of 
the subsequently applied plurality of linker molecules 5. Also 
the linker molecules 5 of the subsequently applied plurality of 
linker molecules 5 comprise head groups 51 capable of 
attaching to the functional groups 22 of the previously applied 
layer. The functional groups 52 are capable of attaching a 
complementary functional group of a further molecule. The 
functional groups 52 are in the shown case protected by a 
photo-labile protecting group 3. The photo-labile protecting 
group 3 protects the functional group 52 Such that no comple 
mentary functional group of a further molecule, like a capture 
molecule, can bind thereto. 

Therefore the functional groups 52 are limited to func 
tional groups capable of being protected by a photolabile 
protecting group like amino-, mercapto-, hydroxyl, carboxy 
late group. 

In FIG.3, the functional groups 22 of the plurality of linker 
molecules 2 to which no headgroup 51 of the further plurality 
of linker molecules 5 has bound are deactivated, eg by react 
ing with a further molecule which comprises no functional 
group which is capable of reacting or interacting with a fur 
ther molecule with a complementary functional group. The 
deactivated functional groups 221 are incapable of any fur 
ther binding. 

In FIG. 4, those photo-labile protecting groups 3 bound to 
the functional groups 52 of the further plurality of linker 
molecules 5 arranged along a plurality of predetermined lines 
4 are exposed to light and are removed from the functional 
groups 52. Thus, the functional groups 52 arranged along a 
plurality of predetermined lines 4 are capable of attaching a 
complementary functional group of a further molecule, like a 
capture molecule, and the functional groups 52 arranged 
between the plurality of predetermined lines 4 carry photo 
labile protecting groups 3. The exposure can be achieved 
photo-lithographically as explained for FIG. 1 by means of a 
phase mask. The shown single line 4 exemplifies one line of 
the plurality of predetermined lines 4 along which those 
photo-labile protecting groups 3 are exposed to light. 

Theoretically, this state of the method provides a planar 
waveguide which can be used for the detection of binding 
events. For example, ifa applied target sample binds directly 
to the functional groups of the plurality of linker molecules 
arranged along the plurality of predetermined lines. 

In FIG. 5, a plurality of capture molecules 6 is applied to 
the functional groups 52 arranged along the plurality of pre 
determined lines 4. In general. Such a capture molecule 6 is 
any molecule capable of simultaneously binding to the func 
tional group 52 of the molecular linker 5 and to a target 
molecule in a sample (shown in FIG. 10) to be investigated. 
The illustrated capture molecules 6 represents a protein with 
two biding sites for binding the target molecule in a sample. 
The linker molecules 5 might be loosly packed with space 
between the linker molecules that can be filled with capture 
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molecules 6. In this case, the capture molecules 6 are prefer 
entially embedded within the a loosly packed plurality of 
linker molecules 5. Advantageously, Sucha plurality of loosly 
packed linker molecules 5 consists of a loosly packed matrix 
(e.g. a polymer such as DEXTRAN or poly(ethylene glycol) 
(PEG)) that has no or minimal nonspecific interaction with 
the capture molecule 6 and with the molecules in the applied 
sample. 

Each linker molecule 5 might carry several (i.e. two or 
more) functional groups 52 arranged along the linker mol 
ecule 5. In this variant of the first embodiment of the method 
according to the invention all functional groups 52 arranged 
along linker molecules 5 are protected by a photo-labile pro 
tecting group before removal of protecting groups from the 
functional groups 52 by the first exposure to light. 

In FIG. 6, functional groups 52 of the further plurality of 
linker molecules 5 to which no capture molecule 6 has bound 
are deactivated. The deactivated functional groups 521 are 
incapable of any further binding. 

This provides a planar waveguide which can be used for the 
detection of binding events. A target sample can bind to the 
binding sites provided by the capture molecules arranged 
along a plurality of predetermined lines to scatter coherent 
light thereon so as to interfere in a predetermined detection 
location to a maximum. However, in practice a comparably 
strong background signal is contributed to the signal in the 
detection location by light scattered at the capture molecules 
alone, i.e. without a target sample bound to the capture mol 
ecule. A possibility to decrease the background signal relative 
to the detected signal is shown in the following. 

In FIG. 7, those photo-labile protecting groups are 
removed from the functional group 52 of the further plurality 
of linker molecules 5 which are arranged between the plural 
ity of predetermined lines 4 by exposure to light. This second 
exposure (the first exposure is carried out through the phase 
mask) does not need a photo-lithographic mask because of 
the remaining photo-labile protecting groups are arranged 
properly along a plurality of predetermined lines which are 
formed in between the plurality of predetermined lines 4 
formed in the first exposure. 

In FIG. 8, a plurality of modified capture molecules 7 is 
applied to functional groups 52 of the further plurality of 
linker molecules 5 arranged in between the plurality of pre 
determined lines 4. The modified capture molecules 7 are in 
the present example a mutated protein. In general, modified 
capture molecules 7 are structurally similar to capture mol 
ecules 6 and have been modified by mutation or chemically so 
as to be incapable of binding a target molecule in a sample 
(not shown) to which the capture molecules 6 are capable of 
binding. In other words, modified capture molecules 7 have 
no binding site capable of binding a target sample while they 
scatter coherent light similarly compared to capture mol 
ecules 6. 

In FIG. 9, functional groups 52 of the plurality of linker 
molecules 5 to which no modified capture molecule 7 has 
bound are deactivated. The deactivated functional groups 52 
are incapable of any further binding. 

This results in a planar waveguide which can be used in the 
detection of binding events. The advantage of Such a planar 
waveguide is, as explained above, that the contribution of the 
scattered light from the capture molecules as well as from the 
modified capture molecules destructively interferes to a mini 
mum signal. Advantageously, the minimum signal is adjusted 
due to changing the exposure time and consequently the 
number of capture molecules or modified capture molecules 
attached to the deprotected functional groups so as to mini 
mize the background signal in the detection location. 
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FIG. 10 shows the application of a plurality of target mol 
ecules 8 in a sample to capture molecules 6 arranged along the 
plurality of predetermined lines 4. As can be seen, those target 
samples 8 do only bind to capture molecules 6. Modified 
capture molecules 7 are incapable of binding the target 
sample 8. Thus, the light in the detection location (not shown) 
has been minimized by adjusting the contributions of light 
scattered at capture molecules 6 with respect to light scattered 
at modified capture molecules 7. Advantageously, after appli 
cation of target samples 8, changes of detected light in the 
detection location originate in actual binding of target 
samples 8 to capture molecules 6. 
The detection of binding events is advantageous in that way 

that the coherent light is not only scattered by the capture 
molecules 6 arranged along the plurality of predetermined 
lines 4 (corresponding to the black lines 42 of FIG. 1) but is 
additionally scattered by the modified capture molecules 7 
(corresponding to the white lines 43 of FIG. 1). Since the 
distance between capture molecules 6 and modified capture 
molecules 7 is chosen to be half the wavelength (or a multiple 
of the wavelength plus half the wavelength) of the coherent 
light, scattered light interferes theoretically in a detection 
location to a minimum. In practice, the contribution from the 
capture molecules 6 and the modified capture molecules 7 in 
the detection location does not interfere to Zero light, but 
rather there will be some background light. The binding of the 
target sample will cause a change to said minimum signal 
which is comparably large with respect to the minimum back 
ground signal. 

In the following FIG. 11 to FIG. 16, the second embodi 
ment is described to explain another way to carry out the 
method according to the invention. 

In FIG. 11, a plurality of linker molecules 2 is applied to 
adhere with head groups 21 to the outer surface 11 of planar 
waveguide 1. The plurality of linker molecules 2 comprise 
functional groups (not shown because they are covered) pro 
tected by photo-labile protecting groups 3. The second 
embodiment is different compared to the first embodiment in 
that a single plurality of linker molecules 2 is applied (only 
the SAM) in the first step which carry photo-labile protecting 
groups 3. 

In FIG. 12, photo-labile protecting groups 3 arranged along 
a plurality of predetermined lines 4 are exposed to light and 
are removed. The exposure along the plurality of predeter 
mined lines 4 is carried out photo-lithographically. Thus the 
deprotected functional groups 22 of the linker molecules 2 are 
arranged along a plurality of predetermined lines 4. 

In FIG. 13, a plurality of capture molecules 6 bound to 
functional groups 52 of linker molecules 5 are applied 
together (attached to each other) along the plurality of prede 
termined lines 4. The complementary functional group of 
capture molecule 6 is attached to the functional group 52 of 
linker molecule 5 and both together are attached via head 
group 51 to functional group 22. This allows in preferred 
examples to enclose the capture molecules 6 partially in said 
linker molecules 5 (e.g. the linker molecules 5 form a loosly 
packed matrix (e.g. a polymer Such as dextran or poly(ethyl 
ene glycol) (PEG)) while allowing a target sample (not 
shown) to bind to the binding sites provided by capture mol 
ecules 6. 

In FIG. 14, photo-labile protecting groups arranged 
between the plurality of predetermined lines 4 are exposed to 
light of predetermined wavelength (second exposure without 
using a photo-lithographic mask). Deprotected functional 
groups 22 are capable of attaching a complementary func 
tional group of further molecules, like modified capture mol 
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ecules. The minimum background signal is achieved in the 
second embodiment similar as explained for the first embodi 
ment (see FIG. 7). 

In FIG. 15, a plurality of modified capture molecules 7 
attached (bound) to functional groups 52 of linker molecules 
5 is applied to functional groups 22 arranged in between the 
plurality of predetermined lines 4 (similar to FIG. 13). 

In FIG. 16, functional groups 521 to which no modified 
capture molecule has bound as well as functional groups 221 
to which no head group of a linker molecule has bound are 
deactivated. This provides a prepared planar waveguide to be 
used as explained in FIG. 10. 

FIG. 17 shows another variant of the invention in which 
alternative molecular linkers are used having alternative head 
groups 511 as well as alternative functional groups 522. 
Membrane-like Superstructures (e.g. Vesicles or liposomes) 
61 and modified membrane-like SuperStructures (e.g. modi 
fied vesicles or modified liposomes) 71 are arranged at the 
alternative functional groups 522. The membrane-like super 
structure 61 with an incorporated or reconstituted membrane 
transport protein 611 (transporter or channel) represents a 
captive capture molecule. The modified membrane-like 
superstructures 71 with an incorporated or reconstituted 
modified membrane transport protein 711 (modified trans 
porter or modified channel) represents a modified captive 
capture molecule. Corresponding to FIG. 10 and FIG. 17 
membrane-like superstructures 61 and modified membrane 
like SuperStructures 71 are arranged along a plurality of pre 
determined lines 4 and in between the plurality of predeter 
mined lines 4, respectively. A target sample 81 can be 
captured in the captive capture molecules (captured inside the 
membrane-like Superstructures). In this way, the term capture 
molecule can not only be seen as providing a number of 
individual binding sites to which a target sample can bind, or 
not, but is rather Suitable to capture a target sample via a 
membrane transport protein. This provides a method to accu 
mulate the captured target samples 811 over a time period for 
integrally detecting a target sample 81. 

FIG. 18 shows a further aspect of the invention. Three 
pluralities of predetermined lines 401, 402, 403 are arranged 
in one diffraction spot 41 on a planar waveguide. Each plu 
rality being arranged Such that light coupled via an optical 
coupler 12 into the planar waveguide diffracts at each plural 
ity of predetermined lines 401, 402, 403 so as to construc 
tively interfere in separate detection locations 421, 422,423. 
The present arrangement of three pluralities of predetermined 
lines 401, 402,403 is to be seen as an example but rather other 
numbers of pluralities of predetermined lines 401, 402, 403 
can be arranged. The same applies for the geometry of the 
shown lines which is in the present example chosen to cause 
the light coupled via the optical coupler 12 to constructively 
interfere in three different detection locations 421, 422, 423 
arranged along a line. The diffraction spot 41 with multiple 
detection locations is denoted as (or represents) a mologram 
with multiple foci. 
A method is described in the following for applying (three) 

different types of capture molecules each on a different (of 
three) plurality of predetermined lines. This arrangement is of 
advantage as process cascades are detectable. For example, a 
target sample is split up in separate products at the first type of 
capture molecule so as to provide a signal in the first detection 
location. A first product of this reaction does then bind to the 
second type of capture molecules so as to provide a signal in 
the second detection location. A second product of the reac 
tion binds to the third type of capture molecule so as to 
provide a signal in the third detection location. The attach 
ment of the different types of capture molecules to the differ 
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ent predetermined pluralities of predetermined lines can be 
achieved, for example, by use of single stranded DNAS as 
described below (orthogonal chemistry). Alternatively, 
orthogonal photochemistry using different wavelengths for 
exposure and removal of the photolabile protecting groups 
can be carried out to achieve that only a predetermined type of 
capture molecule is arranged at a predetermined plurality of 
predetermined lines in the diffraction spot. 

FIG. 19 is a planar waveguide 1 having an outer surface 11 
on which two pluralities of linker molecules 2, 5 are applied. 
The uppermost plurality of linker molecules 5 carrying pho 
tolabile protecting groups 3 (comparable to FIG. 3). 

FIG. 20 shows a step of partially exposing photolabile 
protecting groups 3 arranged along a first plurality of prede 
termined lines 401 to light. “Partially exposing is the 
removal of only a number of photolabile protecting groups 3 
along Such a line 401. The number is high enough to provide 
a detectable signal of diffracted light for target samples bound 
to the plurality of a first capture molecule. The number should 
be that small that further (partial) exposures can be carried out 
along further pluralities of predetermined lines (402, 403) 
which result in the removal of further pluralities of photo 
labile protecting groups along further lines (402, 403) in the 
same diffraction spot. Such lines (401, 402, 403) can be 
crossed, or in other words, a number of lines can be formed 
above each other. With reference to FIG. 18, the crossings of 
the lines (401, 402, 403) contribute to the signal in different 
detection locations (421,422,423). FIG. 20 shows a possible 
molecular structure of a mologram with multiple foci. 

FIG. 21 shows three types of single stranded DNAS 621 
(Type I), 622 (Type II), 623 (Type III) subsequently applied 
via repeating the partial exposure explained in FIG. 20 to be 
arranged at three pluralities of predetermined lines. The dif 
ferent pluralities of predetermined lines diffract the light in 
different foci (separated detection locations). 

Single stranded DNA allows to carry out orthogonal chem 
istry so that different capture molecules 6, 72,73 are bound to 
different complementary single stranded DNAs 631, 622,623 
selectively so that only a predetermined type of capture mol 
ecule is arranged at a predetermined plurality of predeter 
mined lines. The arrangement shown in FIG. 22 allows to 
individually detect the pharmaceutical, biological or chemi 
cal reactions in the respective detection location (421, 422, 
423). 

FIG. 23 shows a further aspect of the invention. Two plu 
ralities of predetermined lines 402, 403 are arranged in one 
diffraction spot 41 on a planar waveguide (similar to FIG. 18). 
Each plurality being arranged such that light coupled via an 
optical coupler 12 into the planar waveguide diffracts at each 
plurality of predetermined lines 402, 403 so as to construc 
tively interfere in separate individual detection locations 422, 
423. 

FIG. 24 is the planar waveguide 1 of FIG. 23 showing an 
area of the outer surface 11 in which lines of the two plurali 
ties of predetermined lines 402, 403 intersect. Different cap 
ture molecules (in the present example molecules capable of 
binding to one of at least two binding sites of a protein which 
is applied as target sample) 75, 76 are arranged at different 
pluralities of predetermined lines (see FIG. 23: 402, 403) 
what can be achieved by orthogonal chemistry. As explained 
above, orthogonal chemistry uses for example different 
single stranded DNAS 621, 622, and corresponding comple 
mentary single stranded DNAs 631, 632 for immobilizing 
different types of capture molecules 75, 76 so as to be 
arranged at different pluralities of predetermined lines in the 
same diffraction spot (see FIG. 23: 41). An alternative is 
orthogonal photochemistry using different wavelengths for 
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exposure of photolabile protecting groups. A target sample 81 
which is a protein capable of binding to both capture mol 
ecules 75, 76 can form cooperative bindings via multiple 
bond interaction. Such a multiple bond interaction is of a high 
strength because of the combined strength of both, binding of 
target sample 81 to capture molecule 75, as well as, binding of 
the target sample 81 to capture molecule 76. Both bindings 
can beformed simultaneously or instantaneously within short 
periods of time. The multiple bond interactions are optically 
detected via both detection locations which provide corre 
lated signals in both detection locations. Advantageously, this 
can be achieved using a time resolved detection method. 
The invention claimed is: 
1. A method for preparing an outer Surface of a planar 

waveguide so as to be capable of binding target samples along 
a plurality of predetermined lines, the method comprising the 
steps of: 

providing a planar waveguide having an outer Surface 
adapted for attachment of a linker molecule to the outer 
Surface; 

sequentially applying at least one plurality of linker mol 
ecules to the outer surface, each plurality of the at least 
one plurality of linker molecules assembling to form an 
individual layer of linker molecules with individual lay 
ers being formed one above the other starting from the 
outer Surface of the planar waveguide, each linker mol 
ecule comprising a functional group and a head group, 
the head group being capable of attaching to the outer 
Surface of the planar waveguide or to the functional 
groups of the preceding layer of linker molecules, and 
wherein the functional groups of the linker molecules of 
the uppermost layer are bound to photo-labile protecting 
groups so that each functional group of the uppermost 
layer bound to a said photo-labile protecting group is 
incapable of attaching a complementary functional 
group of a further molecule; and 

exposing those photo-labile protecting groups of the 
uppermost layer arranged along a plurality of predeter 
mined lines to light of a predetermined wavelength to 
remove the exposed photo-labile protecting groups from 
the functional groups to make these functional groups 
capable of attaching a complementary functional group 
of a further molecule. 

2. A method according to claim 1, wherein the step of 
sequentially applying the at least one plurality of linker mol 
ecules consists of applying only two pluralities of linker 
molecules, the two pluralities of linker molecules assembling 
to form two individual layers of linker molecules one above 
the other starting from the outer surface of the planar 
waveguide. 

3. A method according to claim 1, further comprising the 
steps of: 

attaching complementary functional groups of capture 
molecules to the functional groups of the uppermost 
layer of linker molecules arranged along the plurality of 
predetermined lines, each capture molecule being 
capable of binding a target sample; 

exposing those photo-labile protecting groups arranged 
between the plurality of predetermined lines to light of 
the predetermined wavelength to remove the exposed 
photo-labile protecting groups from the functional 
groups to make these functional groups capable of 
attaching a complementary functional group of a said 
further molecule; and 

attaching complementary functional groups of modified 
capture molecules to the functional groups arranged 
between the plurality of predetermined lines, each modi 
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fied capture molecule being incapable of binding to that 
target sample to which the capture molecules are 
capable of binding. 

4. A method according to claim 3, wherein the step of 
exposing those photo-labile protecting groups arranged along 
the plurality of predetermined lines is carried out for a first 
exposure dose, and wherein the step of exposing those photo 
labile protecting groups arranged between the plurality of 
predetermined lines is carried out for a second exposure dose, 
the first exposure dose being different from the second expo 
Sure dose. 

5. A method according to claim 4, wherein the first expo 
sure dose and the second exposure dose are less than 10 
Joules/cm. 

6. A method according to claim 1, wherein the step of 
sequentially applying the at least one plurality of linker mol 
ecules consists of applying only one plurality of linker mol 
ecules. 

7. A method according to claim 1, further comprising the 
step of attaching head groups of a further plurality of linker 
molecules to the functional groups of the preceding layer of 
linker molecules which are arranged along the plurality of 
predetermined lines, the functional groups of the linker mol 
ecules of the further plurality of linker molecules being 
unbound to photo-labile protecting groups and being capable 
of attaching a complementary functional group of a further 
molecule. 

8. A method according to claim 7, further comprising the 
steps of: 

attaching complementary functional groups of capture 
molecules to the functional groups of linker molecules 
of the further plurality of linker molecules arranged 
along the plurality of predetermined lines: 

exposing those photo-labile protecting groups arranged 
between the plurality of predetermined lines to light of 
the predetermined wavelength to remove the exposed 
photo-labile protecting groups from the functional 
groups to make these functional groups capable of 
attaching a complementary functional group of a further 
molecule; 

attaching complementary functional groups of another fur 
ther plurality of linker molecules to the functional 
groups of the preceding layer of linker molecules which 
are arranged between the plurality of predetermined 
lines, the functional groups of the linker molecules of the 
another further plurality of linker molecules being 
unbound to photo-labile protecting groups and being 
capable of attaching a complementary functional group 
of a said further molecule; and 

attaching complementary functional groups of modified 
capture molecules to the functional groups of linker 
molecules of the further plurality of linker molecules 
arranged between the plurality of predetermined lines. 
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9. A method according to claim 1, wherein the step of 

exposing those photo-labile protecting groups arranged along 
the plurality of predetermined lines comprises the steps of: 

disposing a phase mask in the proximity of the photo-labile 
protecting groups, the phase mask having a plurality of 
protrusions having a first refractive index n, the first 
refractive index n being different from a second refrac 
tive index n of a medium arranged between the phase 
mask and the outer surface of the planar waveguide; and 

transmitting light of the predetermined wavelength 
through the phase mask for exposing those photo-labile 
protecting groups arranged along the plurality of prede 
termined lines. 

10. A method according to claim 1, wherein the plurality of 
linker molecules of which the head groups attach to the outer 
Surface assemble to forma individual layer having a thickness 
of 0.5 nm to 10 nm. 

11. A method according to claim 1, wherein the plurality of 
linker molecules of which the head groups attach to the outer 
surface assemble to form a monolayer of linker molecules. 

12. A method according to claim 1, wherein the plurality of 
linker molecules of which the head groups attach to the func 
tional groups of the preceding layer of linker molecules 
assemble to form the uppermost individual layer having a 
thickness of 10 nm to 200 nm. 

13. A method according to claim 1, wherein the plurality of 
predetermined lines are arranged in at least two separate 
diffraction spots at the outer surface of the planar waveguide, 
each diffraction spot has an area larger than 25 um and 
wherein the plurality of predetermined lines has a distance 
between adjacent lines less than 1.5um, in particular less than 
1 Lim. 

14. A planar waveguide having an outer surface prepared to 
be capable of binding target samples along a plurality of 
predetermined lines, wherein the plurality of predetermined 
lines are arranged in at least two separate diffraction spots at 
the outer surface, each diffraction spot has an area larger than 
25um, and wherein the plurality of predetermined lines has 
a distance between adjacent lines less than 1.5um, in particu 
lar less than 1 Jum. 

15. A planar waveguide according to claim 14, wherein the 
plurality of predetermined lines are arranged with respect to a 
direction of propagation of a light coupled into the planar 
waveguide through an optical coupler with a decreasing dis 
tance between adjacent predetermined lines in the direction 
of propagation of the light or being arranged under an angle 
relative to the direction of propagation of the light. 

16. A kit comprising a planar waveguide according to claim 
14 and a phase mask for preparing an outer surface of the 
planar waveguide to be capable of binding target samples 
along a plurality of predetermined lines. 


